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AN INVESTIGATION OF 0.15-CKCRD AILERONS ON 
A LOW-DRAG TAPERED WING AT HIGH SPEEDS 
By Edmund V. Laitone 

SUMMARY 



Tests of 0» 15-wing- chord , internally "balanced ailerons 
on a low-drag tapered wing were made at Mach numbers up to 
0.75« The corresponding Reynolds number range was from 
5,000,000 to 13,800,000. Both a normal-profile and a beveled, 
trailing-edge aileron were tested without a seal and with a 
partial seal. In addition to the usual aileron characteris- 
tics, the pit ching- moment increments due to the aileron de- 
flections were measured in order that the effect of Mach 
number on the aileron reversal sreed could be estimated. 

No severe compressibility effects were encountered until 
a Mach number of 0.725 Was exceeded. The rolling-moment 
coefficient was found to increase vLiih Mach number at a rate 
much less than that given by if ,/l-M • The data indicated a 
tendency toward overbalance of the hinge moment of balanced 
ailerons as the sneed increased. 



INTRODUCTION 



The high maneuverability required of modern pursuit air- 
planes, together with their large size and high speed, makes 
close balancing of the aileron hinge moments imperative. It 
has been found that compressibility effects may radically 
change the aileron characteristics at high soeeds. Frequently 
ailerons which are closely balanced from tests at low speeds 
become overbalanced at high speeds g At present there is no 
reliable procedure for making allowance for the effects of 
compressibility on the aileron characteristics other than in- 
creasing the rolling moment by the factor l/ ,/l-M 8 in which 
M is Mach number. The tests described in this report were 
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made to investigate the behavior at high Mach numbers of 
representative internally "balanced ailerons on a low-drag 
tapered wing, 

APPARATUS AND METHODS 



The model used for these tests was a semi span, low- 
drag (NACA 66-series profile) tapered wing (fig. l) geomet- 
rically similar to the one used for the tests reported in 
reference 1. The model was mounted in the 16-foot wind tun- 
nel of the Ames Aeronautical Laboratory, Moffett Field, 
Calif., with the root chord parallel to the tunnel wall 
(fig. 2). The wing spar and aileron shaft extended through 
the tunnel wall. A single support strut was attached at the 
0. 75- chord point adjacent to the inboard end of the aileron 
( figs . 2 and 3 ) . 

The wing surfaces were smooth except during the tests 
for which the description "roughness at 0.10c" is used. For 
this condition, a 3/8-inch-wide strip of No. 100 carborundum 
particles was applied at the 0 . 1 0-wi ng-chor d line along the 
entire span of the upper and lower surfaces. 

The aileron chord aft of the hinge line was 0.15 of the 
wing chord. The aileron span was 0.41 of the wing semispan, 
and the inboard end of the aileron was at the midpoint of the 
wing semispan (fig. l). The normal-profile aileron had the 
same profile as the low-drag wing section and a nose-balance 
chord of 0.60 of the aileron chord (fig, 4). The "beveled 
aileron had a thickened and beveled trailing-edge portion and 
a nose-balance chord of 0.42 of the aileron chord (fig. 5). 
The variation from the normal profile ended abruptly at the 
inboard end of the aileron but, at the outboard end, was 
faired into the wing tip. 

Both ailerons were tested unsealed and partially sealed 
with normal cover plates (figs. 4 and 5). In addition, the 
partially sealed normal-profile aileron was tested with a 
shorter cover plate (fig. 4). The partial seal of thin 
sheet rubber extended along the entire l/4-inch nose gap and 
was continued across the small clearance gap at the outboard 
end. The inboard end of the aileron was unsealed because 
the orifice tubing prevented the use of an end seal (fig. 3). 

The area of the vent gap between the aileron and the 
normal cover plate was 0.047 square foot. The leakage area 
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for the partially sealed normal-profile aileron was approxi- 
mately 53 percent of that vent area, 51 percent at the in- 
board end, and 2 percent around the supports for the cover 
plate near the hinge line. The leakage area for the beveled 
aileron was 32 percent of the vent area, all at the inboard 
end, since the reduced overhang of the cover plate eliminated 
the necessity for additional support. 

The tests were made through a Mach number range of 0.188 
to 0.75, with a corresponding Reynolds number range of 
5,000,000 to 13,800,000 based on a mean aerodynamic chord of 
3.84 feet (fig, S). The aileron angles varied from 15° to 
-15° by 2\° increments. For all the high-speed tests, angles 
of attack (table I) were selected to correspond to v/ing lift 
coefficients of -0.1, 0.1. and 0.3 at each Mach number with 
zero aileron deflection. 



SYMBOLS 



The symbols used in the presentation of the results are 
defined as follows: 

A aspect ratio 

Oj, lift coefficient, L/qS v 

Cp drag coefficient, ^/qS w 

^ m c/4 Patching-moment coefficient, M'/q (M.A.C.) S w 

Oi rolling-moment coefficient, L'/qbS w 

C n yawing-moment coefficient, N'/qbS w 

C h aileron hinge-moment coefficient, E a /q"o a c 

c v/ing chord 

c a aileron chord measured along airfoil chord line from 
hinge line of aileron to trailing edge of airfoil 

c a root-mean-square chord of the aileron aft of hinge line 
b twice span of the semispan model 
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b a aileron span 

S w twice area of the semi span model 

L twice uncorrected lift of semispan model 

D twice uncorrected drag of semi span model 

M 1 twice uncorrected pitching moment (about l/4c of M.A.C.) 
of semispan model 

L' uncorrected rolling moment, due to aileron deflection, 
about longitudinal wind axis in plane of symmetry 

N 1 uncorrected yawing moment, due to aileron deflection, 
about normal wind axis in plane of symmetry 

H a uncorrected moment of aileron about hinge axis 

q dynamic pressure of the air stream, l/SpV , corrected 
for tunnel constriction and strut interference 

M Mach number corrected, for tunnel constriction and strut 
int erf er ence 

a uncorrected angle of attack, degrees 

5 a aileron deflection relative to wing, degrees; positive 
When trailing edge is down 

Aa mean change in angle of attack induced by the polling 
velocity 

C ^ damping-moment coefficient, rate of change of rolling- 
? moment coefficient with pb/2V 

2-£ tangent of wing-tip helix angle in roll 
21 

V true airspeed,, feet per second 

indicated airspeed, feet per second 
p rate of roll in flight, radians per second 
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S pressure coefficient, (H-pi ) /q 

H total pressure 

p j local pressure on wing 

AP coefficient of prejsure difference across seal, 

pressure below seal - pressure above seal 

f 

^upper"*^l ower 

The parameters for aileron effectiveness are as follows: 

\-^r~) 0 rate of change of lift coefficient with angle of 

attack, for a constant aileron deflection, degrees 

[ . — L I rate of change of rolling-moment coefficient with 
v^a^a aileron deflect ion, for a constant angle of attack 

degr ee s 

( L) rate of change of rolling-moment coefficient (pro- 

Vda/g a duced "by the constant aileron deflection 5 a ) 

with angle of attack, degrees 

rate of change of hinge-moment coefficient with angl 
V c]a /5 a of attack, for a constant aileron deflection, 

degree s 



rate of change of hinge-moment coefficient with 

aileron deflection, for a constant angle of attack 
degr ee s 



( rate of change of hin^e-moment coefficient with 

aileron deflect ion, during steady roll with equal 
up- and down-aileron deflections, degrees 

RESULTS AND DISCUSSION 
Reduction of Data 



The data presented are "based on the complete wing dimen- 
sions (fig. l), and all of the data, except those showing the 
stick-force variation with p"b/2V f represent the forces and 
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moments on the complete wing, assuming that only one aileron 
was deflected. None of the force data were corrected for 
strut interference or tunnel-wall effects. Consequently, the 
magnitude of the rolling-moment coefficient is approximately 
10 percent too large. However, the correction for the angle 
of attack would have "been nearly zero. 

The dynamic pressures and Mach numbers were approximately 
corrected for tunnel- c on st ri ct i on effects and strut interfer- 
ence. This was accomplished by means of a velocity survey of 
the flow about the support strut with the wing removed and by 
determining (by an unpublished theoretical method) the con- 
striction correction through the assumption of two-dimensional 
flow over the section of the wing containing the pressure ori- 
fices (fig. l). The correction to the dynamic pressure for 
constrict! on by the model was less than 3 percent at the high- 
er speeds and the corresponding Mach number correction was 2 
percent. These constriction corrections are applicable only 
for speeds below that for the critical Mach number of the 
willg. The Mach number values given for speeds above the crit- 
ical are probably a little low. 



Variation of Lift 

At all speeds the wing-alone tests, made with the ailer- 
on gaps sealed and faired smooth with putty, gave the same 
lift as obtained with the partially sealed normal-profile 
aileron (fig. 7). The angles of attack from the wing-alone 
tests (fig, 7) were used as representative of the character- 
istics for the particular lift coefficients (-0.1, 0.1, 0.3) 
presented for all the tests and results. 



Static Characteristics of the Ailerons 

Figures 8 to 25 present the variation of rolling-moment, 
hinge-moment, and yawing-moment coefficients with aileron de- 
flection for each of the types tested. As an indication of 
the general scatter of the test points, the rolling-moment 
and hinge-moment coefficients are plotted in figure 26 for 
an aileron deflection of 10° and an angle of attack correspond- 
ing to a lift coefficient of 0.1 in terms of Mach number. 

In order to determine the optimum rolling moment avail- 
able from a completely sealed aileron, the normal-profile 
aileron was set at 10° and all the aileron gaps were sealed 
and faired smooth with putty. Figure 25 shows that at all 
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speeds the rolling moment obtained was practically the same 
as that produced by the same aileron when partially sealed. 
Consequently, the rolling moments for the partially sealed, 
normal-profile aileron may he used as a "basis for compari- 
son. Additional tests showed that a further reduction in 
tho nose seal decreased the rolling moment. 

Figures 8, 11, 17, and 30 show that in most instances 
the effect of increasing Mach number with the smooth wing 
surfaces was to increase slightly the rolling-moment coeffi- 
cient produced by these ailerons, although the increase was 
not uniform and x^as generally much less than that predicted 
by the factor l/v^-M 2 ", The rolling-moment coefficient gen- 
erally reached a maximum at a Mach number of 0.7 and de- 
creased abruptly for Mach numbers greater than 0.725. 

Although the unsealed beveled aileron was closely bal- 
anced for small deflections at low speeds (fig. 18), for 
large deflections the hinge moments were practically as great 
as for the partially sealed normal-profile aileron. Also, 
figure 18 shows an undesirable tendency of the close balance 
at low speeds to become an overbalance as the Mach number 
increases. 'The addition of the partial seal produced an 
even greater overbalance at high speeds (fig. 21). 

The roughness at 0.10 chord on the wing decreased the 
variation of hinge-moment coefficient with speed (fig. 24). 
However, this does not necessarily mean that the variation 
in hinge-moment coefficient with Mach number for the smooth 
model was entirely due to the forward movement of transition. 
The effect of the roughness, in general, reduces the raria- 
tion of all the wing characteristics with Mach number. Also, 
the drag measurements indicated there was no appreciable 
movement of the transition point until the compressibility 
effects became predominant at Mach numbers above the critical. 

The leakage at the inboard end of all the partially 
sealed ailerons probably increased the hinge moments and re- 
duced the aileron-deflection range over which ('3 c h/^ 6 a^a 
remained constant. (See reference 2.) However, as previously 
noted, this leakage was not large enough to change the roll- 
ing moment appreciably (fig. 26). 

Aileron Control Characteristics 
Figures 27 and 28 present the parameters which are 
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required to determine the hinge moment occurring during roll 
with small deflections of the partially sealed, normal-profile 
aileron. All the parameters were obtained for the region of 
0° aileron deflection and 0° angle of attack. In addition, 



the theoretical value of I — — - ) 

Vda, wa 



) = 1 2tt ( A 



vA + 2 

VI -M 



i s 



compared with the experimental value (fig. 27). It is seen 
that for small aileron deflections at low angles of attack 
the effect of an increase in speed is to increase slightly 
(dCj/36) a and decrease considerably the magnitude of 
(30^/96 ) a . When the Mach number exceeds 0.725, "both parame- 
ters are abruptly changed. In the appendix it is shown that 
the actual rate of change of hinge-moment coefficient during 
steady roll, with equal up- and down-aileron deflections, is 
given "by 



a 



for the airplane characteristics presented in table I. Con- 
sequently, figures 27 and 28 show that an increase of Mach 
number up to 0.7 will decrease the hinge-moment coefficient 
during roll c For example, an increase of Kach number from 
0.3 to 0.7 would change (dCh/d6 a )p from -0.00186 to 
-0.00096, equivalent to a decrease in hinge-moment coefficient 
of 48 percent. If the rolling velocity were neglected; the 
parameter (SC> 1 /96 a ) a alone would determine the hinge-moment 

coefficient and, for the same Mach number increase, its value' 
would change from -0.00327 to -0.00182, indicating only a 
20-percent decrease of hinge-moment coefficient. However, 
since ( d0h/9ct,)g a varies considerably with angle of attack 
(figc 29), the foregoing statements are true only for small 
aileron deflections (i.e., for rolling velocities such that 
Aa, the mean change in angle of attack induced by the roll- 
ing velocity, remains near 0°). Consequently, when the data 
are available, cross plots similar to figure 29 should be 
made and the effect of roll upon hinge moment should be found 
directly from them. The variation of Aa s as computed from 
table I and a cross plot from figure 11 for the rolling-moment 
variation with angle of attack,also is shown in figure 39 . 

Figures 30 and 31 present the aileron control character- 
istics corrected for the rolling velocity and for differences 
between the wind-tunnel and flight data. These aileron 
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control characteristics! in the form of stick force required 
to produce a given pb/2V, were computed for the character- 
istics shown in table I, which are essentially the same as 
those used in reference 1. The value of 0.55 for the damping- 
n)o.r.ent coefficient at small lift coefficients was used in 
reference 1 to correct for the differences (including a 
tunnel-wall correction of appr oximat ely 10 percent, the effect 
of elasticity in the wing-ailer on system,, and the reduced re- 
sponse due to sideslip) "between the wind-tunnel data and ac- 
tual rolling moment available in flight. The same value of 
the damping-moment coefficient was used in this report, since 
the low-speed rolling-moment curves obtained with the partial 
seal agreed closely with those given in reference 1. The 
mean chaise in angle of attack induced "by the rolling veloc- 
ity Aa, as given "by the equation in table I, was assumed to 
"be the change at a point 0.10 of the aileron span from the 
inboard end. (Sea reference 3 # ) The rolling-moment and 
hinge-moment coefficients, for equal up- and down-aileron 
deflections, were corrected for rolling velocity by using the 
coefficients corresponding to the mean angle of attack occur- 
ring during roll (e.g., see fig. 29). Figure 30 is for a 
Mach number of 0.7 and a lift coefficient of 0.1, with a 
dynamic pressure of 337 pounds per square foot (table I). 
These c ondi t i on s correspond to flight at an altitud.e of 19,900 
feet with a true airspeed of 496 miles per hour and an indi- 
cated airspeed of 374 miles per hour. For a direct comparison 
of the affects of Mach number, the curves in figure 31 were 
obtained for a Mach number of 0.3 with the same lift coeffi- 
cient of 0.1 and dynamic pressure of 337 pounds per square 
foot. Also included in figures 30 and 31 are the static ai- 
leron control characteristics for the partially sealed, nor- 
mal-profile aileron, computed by neglecting the rolling veloc- 
i t y . 

For small deflections the efficiency (pb/2V produced 
by a .given stick force) for the partially sealed normal- 
profile aileron increased with Mach number in agreement with 
the previous computations from the aileron parameters, How- 
ever, for aileron deflections greater than 6°, (corresponding 
to a stick travel of 3.2 in.), the efficiency decreased as 
the Mach number increased even though the static efficiency 
(neglecting the rolling velocity) increased with Mach number 
(figs. 30 and 3l). This occurred because the correction for 
the rolling Telocity, which generally increased the efficiency 
in roll, actually decreased the efficiency for aileron deflec- 
tions greater than 5° at the higher Mach number (fig. 30). 
As before, the increase in efficiency during roll was due. to 
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the negative value of (dCh/3oc)6 a as shown in the appendix. 

However, the decrease in efficiency during roll at the higher 
Mach number was duo to the variation of (dCk/oa)5 a and 
(dCi/3a)5 with angle of attack. These variations at a Mach 

number of 0.7 were such that the Aa resulting from aileron 
deflections greater than 6° (pb/2V > 0.042) actually in- 
creased the hinge moment and decreased the rolling moment. 
(See fig. 29.) The value of pb/2V attained for a given 
aileron deflection (or stick travel) was less for the condi- 
tion of steady roll than for the case where the rolling ve- 
locity was neglected "because of the variation of (SCj/Ba)^ a 

with angle of attack, Figures 30 and 31 show that the effect 
of (9Cl/da)§ was much greater at the higher Mach number 

and the larger aileron deflections. With the exception of 
the largo aileron deflections at high Mach numbers, the values 
of (8d I /da )g a were relatively small, so that during roll 

the change in efficiency would be mainly due to (BO^/Sor ) g a ,as 
is assumed in the appendix. 

figures 30 and 31 show that the beveled aileron became 
overbalanced during roll as the Mach number increased. In 
addition, since the available rolling moments were less for 
the beveled aileron (fig. 20), the maximum value of pb/2V 
was much loss than that obtained by the normal-profile aileron 
and the stick forces were greater for the higher values of 
pb/27. (See figs. 30 and 31.) 

It is important to note that, although any change in 
lift-curve slope would affect the damping-moment coefficient, 
the value of 0.55 was used for all the preceding computations 
since the actual change in damping-moment coefficient could 
not be determined. The lift-curve slope increased 44 percent 
when the Mach number increased from 0.3 to 0.7 (fig. 27). 
However, the lift-curve slope of the tip portion of the wing, 
containing the aileron, would be predominant in determining 
the damping-moment coefficient and also, at high speeds, the 
lift-curve slope with the ailerons deflected was different 
from that with the ailerons neutral. In addition, a Mach 
number increase may increase the damping-moment coefficient 
due to ether causes, such as an increased wing twist. (See 
figs. 33 to 35.) In view of the above reasons, no adjust- 
ment of the damping-moment coefficient was made for the 
beveled ailerons, which decreased the lift-curve slope 3.7 
percent (fig. 7). The effect of a small decrease, say 10 
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percent, in the damping-moment coefficient could "be approxi- 
mated by increasing the pfc/2V by 10 percent for the given 
stick force. 

The general indication from these tests was that (in 
the ailor on characteristics) no severe compressibility effects 
would he encountered until a Ma eh number of 0.725 was ex- 
ceeded. Figures 27 and 28 indicate that the first slight 
effects of the compression shock may become noticeable when 
the Mach number exceeds 0.7. 



Pitching Moment Induced by Ailerons 

The pit ching-moment increment acting on each wing tip 
would tend to twist the wing so as to decrease the rolling 
moment, and the speed at which the rolling moment accompany- 
ing the clastic twist of the wing nullifies the rolling 
moment produced by the ailerons is defined as the aileron 
reversal speed. In order to provide data necessary to deter- 
mine the effect of Mach number upon the aileron reversal 
speed, the increments of pit ching-moment coefficient produced 
by aileron deflection were plotted (figs. 32 to 35). These 
increments are based on the pitching moment taken about the 
quarter point of the mean aerodynamic chord. They increased 
rapidly with I-'ach number until they reached a maximum value 
at a Mach number of 0.725, and then they decreased abruptly. 



Balance Pressures 

Figures 36 to 38 show the balance pressures under the 
cover plates. The coefficient AP is a measure of the pres- 
sure difference across the balance seal. It was measured at 
the chord lino containing the wing pressure orifices (fig, l). 
Figr.res 36 and 37 show the variation of AP, at constant 
Kach numbers, with aileron angle for the partially sealed 
normal-profile aileron and for the beveled aileron, respec- 
tively. Figure 33 provides for comparisons of the effects of 
a shorter cover plate on the partially sealed normal -pr of ile 
aileron, of roughness at 0.10 wing chord on the partially 
sealed beveled aileron, and of an additional leakage area of 
2 percent of the vent area in the seal of the partially 
sealed beveled aileron. The partially sealed beveled aileron 
(fig. 37) developed higher balance pressures than did the 
partially sealed normal-profile aileron (fig. 36). However, 
comr>arison of figure 6 36 and 38 shows that the balance 
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pressures became approximately the same when equal leakage 
area was present in both nose seals. With this additional 
2-percent leakage area, the hinge moment of the "beveled ai- 
leron wa s incroasod approximately 10 percent at a 15° aileron 
deflection, out the rolling moment and yawing moment were 
unaf f ect ed r 

The spanwise variation of the pressure coefficients act- 
ing above and below the seal is shown in figures 39 and 40 
for the partially sealed normal-profile aileron and the par- 
tially sealed beveled aileron, respectively. Because of the 
large leakage area at the inboard end, the pressure differ- 
ence was decreased over a considerable portion of the nose 
balance. Also, the velocities indir.ced by the support strut 
at the inboard end of the aileron probably contributed some- 
thing toward this decrease. However, the data indicate that 
the leakage at the inboard end had no appreciable effect on 
the balance pressures presented in figures 36 to 38, since 
AP was measured at a position 0.45 of the aileron span from 
the inboard end. 



Pre s sure Distributions 

Figures 41 to 49 present the pressure distributions for 
the partially sealed normal-profile aileron and the partially 
sealed beveled aileron for deflections of 0°, 10 , and -10 . 
All of the curves for a Mach number of 0.3 or more are for 
the angles of attack corresponding to a lift coefficient of 
0.1 for the wing alone (fig. 7 and table I). The values of 
S cr , the pressure coefficient for which the local velocity 
over the wing is equal to the local velocity of sound at the 
corresponding, free-stream Mach number defined as M cr , are 
also shown. 

Figures 50 and 51 provide for a direct comparison of the 
pressure, di stribut ions for aileron deflections of 0° and 10 , 
respectively, at an angle of attack corresponding to a lift 
coefficient of 0.1. Figure 51 indicates that, due to the air 
flow through the nose gap, there was considerable separation 
over the upper surface of the unsealed normal-profile aileron 
with a 10° deflection. This separation reduced the section 
lift and the resulting rolling moment. However, with a 0° 
aileron deflection, the pressure difference across the nose 
gap was small, and the flow through the gap was not suffi- 
cient to cause appreciable separation (fig. 50). 
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A critical Mach number (M cr ) of 0.67, corresponding 
to the S cr obtained from the peak-pressure measurement s 
(fig. 41 and reference 4), was indicated for the wing at a 
lift coefficient of 0.1. It is important to note that this 
critical .Mach number is merely the speed that must be ex- 
ceeded in order to obtain the conditions necessary for the 
formation of a compression shock. Figure 11 shows that the 
rolling-moment coefficient had not decreased even at a Mach 
number of 0.725, indicating that the critical Mach number 
was exceeded by 8 percent before the compression shock seri- 
ously affected the action of the aileron. The wing itself 
was more immediately affected since the lift-curve slope de- 
creased rapidly after a Mach number of 0.7 was exceeded 
(fig. 37). 

The pressure distribution indicates a compression shock 
between 60- and 65-percent chord at a Mach number of 0.7. 
Consequently, the abrupt change of the aerodynamic forces 
and moments on the model, generally occurring at or beyond a 
Mach number of 0.725, would be expected. 



CONCLUDING REMARKS 



These tests have indicated that a further study of 
hinge-moment coefficients at high speeds is advisable, since 
there was evidence that ailerons closely balanced at low 
speeds might become overbalanced as the Mach number increased. 
This was especially true for the beveled ailerons. The tests 
showed that no serious adverse compressibility effects were 
encountered Until the critical Mach number (0.3?) was ex- 
ceeded by at least 8 percent. 



Ames Aeronautical Laboratory, 

National Advisory Committee for Aeronautics, 
Moffctt Field, Calif. 
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APPENDIX 



Analysis of Aileron Hinge Moment during Response 

If the rolling velocity is assumed constant and there 
is no sideslip or yawing, 

Ac i = &£l (21 s ), d 

\ 2V J 

However, this expression will generally "be a good approxima- 
tion even with the sideslip occurring with locked rudder at 
a constant rolling velocity, provided that the value of 
pb/2V is decreased "by a theoretical allowance for the effect 
of sideslip. Consequently, 

( AOi 

\2vy oi p 

The magnitude of the change in angle of attack induced 
by the rolling velocity at distance yb/2 from the axis of 
r otati on is 

! A a 1 = tan" 1 y 2— 
2V 

When yb/2 is a mean- wing- span location determined from the 
load distribution (reference 3), then Ao, may "be used as 
the mean change in angle of attack for the entire wing. The 
value of yb/2 is determined by whether the effect of the 
rolling velocity on the rolling moment or the hinge moment 
is being considered. However, since the effect of the roll- 
ing velocity on the rolling moment is generally small, the 
same value of yb/2 which is computed for the hinge-moment 
correction may be used. Since the values of pb/2V are 
small , 

pb ACj 
I A<x ! Z 57. 3y — Z 57. 3y - — , degrees 
2 v C ], 
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If it is assumed that the aileron r ol 1 i ng-moment coeffi- 
cient varies linearly, then for one aileron alone 



v / 



a 



since A a is always small and (dCi/3ot)6 a is also small 

except for large aileron deflections at high speeds. Then 
for equal up- and down-aileron deflections, the total rolling 
moment coefficient available during roll is 



AC 



Vc6 fl / 



6 a l 



Then 



| Ao,j » 57. 3y 



_V9_6_a_/g. 



6,1 



decrees 




If it is assumed that the aileron hinge-moment coeffi- 
cient varies linearly, then during roll the resulting total 
hinge-moment AC^ is 

\doa/ a \ oa /g a \c»6 a ^ a 

„ /^h^ ( a + | Aa |) 
\ 9a /6 a 



Or, for equal up- and down-aileron deflections, the actual 
total hinge-moment coefficient during roll ie 
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(pk) | 6a ] - /S2k 

vo6 a / a \ da / 



[Aal 



1 - 



L 



3c 



h 



ot, 



30, 



36, 



* ) (2 !6 a l) 



1 - 2(57. 3y) ila 



3a y 6 



9Ch 
36 



( 3C h \ 
V36 a A 



J 



(2 l6 a l) 



where a and 6 a are measured in degrees. 

This expression for the actual total hinge-moment coef- 
ficient shows the effect of each parameter upon the stick 
force occurring during roll (reference 5). 

The actual rate of change of hinge-moment coefficient 
with equal up- and down-aileron deflections could he written 
as 



2 I 6; 



1 Vd6 a / p |\36 a / 



a / a 



V3a /6 a 



which is equivalent to 



• Ml6 a 'p ^36 a ^a \3a/ 8 A36 a A 



since the value of (3Arx/36 a ) p due to steady roll would he 
given by 
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/ DAa\ r /57.3y \ /9C;\ 

v pa 



the negative sign heing correct, since an aileron deflection 
cf ±6 a is accompanied by an induced angle- of~at tack change 
of + Aa at ail ordinary conditions. 

For the values given in table I, the expression for the 
actual rate of change of hinge-moment coefficient during roll 
with equal up- and down-aileron deflection "becomes 



>a 



It is o'bvicus that negative values of (9^h/^ a ^6 a will 



be 



favorable, since they will decrease the hinge moments. When 

(dCk/da)g = 1^ ^QCh/QSa^a^ the resulting hinge moment 

113 (30 l /2o a ) a 

during roll will he zero, and when (dO h /a§ a ) p is positive, 
the ailerons will ho overbalanced in roil* 

It is to he noted that generally the parameters are 
linear only for small aileron deflections and low atxgles 
of attack. The parameter (dC^/doc)* sometimes even changes 

algehraic value with the small angle-of-at tack variation (Aa) 
induced "by the rolling velocity. (See fig. 29 and reference 
5.) 
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I ABLE I.- DATA 3P0H ■== COMPUTATIONS 
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Wing loading 
Liaximun stick travel 
Maxinun ailercn deflection 
Aileron differential 

Stick travel (ft)/aileron deflection (rad) 

f \2 _ 2 

Aileron span x (.c;iord ms ) = "o a c p 
Stick force 

dO, 

Damping coefficient = C 7 = v - = 0„55 



\2V 



Angle chaii^e induced 'by roll = Ace, 



2Y 



= 33 o7 Id /ft 
= ±S in. 
= ±15° 
= 12 1 
= 2.55 ft 
= 5.60 ft 3 
=2.20 cAC h Id 

AC, 



0.55 



/ p D \ | 



= 0.54H — , 
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CHARACTERISTICS OF THE 0.53I- SCALE 
MOD/FIED XP-60 WING 



Figs. 1,4,5 
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F/GURE 1, - DIMENSIONS OF MODEL, 
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Figs, 3,3 
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FIGURE <f- VARIATION OF HlJ*G£-S*rOAt£\N T COEFFICIENT VS/ITH 

.AILERON DEFLECTION FOR UNSEALED FORMAL-PROFILE AILERON 



A-2, 




6.65-67-5, 



C n -.00/ 



~ooz 





FIGURE IO- VARIATION OF PAWING -MOMENT COEFFICIENT WITH <o 
AILERON DEFLECTION FOR UNSEALED FORMAL- PROFILE AILERON^ 




FIGURE II-VARIAT/ON OF RQLUN6- MOMENT COEFF/C/EA/T kVlTH AJLERON FIGURE J2. ■ VARIATION OF HINGE-MOMENT COEFF/C/ENT WITH ^ 
DEFLECTION FOR PARTtALLV SEALED NORMAL-PROFILE AtLFRON AILERON DEFLECTION FOR PARTIALLY SEALED NORMAL-PROFILE AILERON £ 




FIGURE 13 - VARIATION OF RAWING -MOMENT COEFFICIENT WITH FIGURE /4 - 1/4 R I ATI ON OF RCLL/NG -MOMENT COEFFICIENT WITH AILERON 

AILERON DEFLECTION FOR PARTIALLY SEALED NORMAL-PROFILE AILERON DEFLECTION FOR PARTI Al LY SEALED NORMAL-PROFILE AILERON WITH SHORT CO/ER PLATE 




FIGURE 15- VARIATION OF HI N6E- MOMENT COEFFICIENT WITH AILERON DEFLECTION 
FOR PARTIAL* SEALED NORMAL-PROFILE AILERON WITH SHORT COVER PLATE 



WRC 16 -VARIATION OF VAMN6 -MOMENT COEFFICIENT WITH AILERON DEFLECTION 
FOR PART/ALL Y SEA L ED NORMAL -PROFILE AILERON WITH SHORT COVER PLATE 




FIGURE /9- MR'ATJOA/ OF YAH/t^s - MOM Eft T CO£FF/C/£/VT MS/TH 
AILEROJS/ DETFLECT/ON FOR C/VSF^LED BEVELED 4/LEROAf 



F/GURE 20 -VARIATION OF ROLL I NG - MOM ENT COEFFICIENT WITH 
AILERON DEFLECTION FOR PAMTtALLY SEALED BEVELED AILERON 




FIGURE 2/ - VARIATION OF H I N G E -MCM EHT COEFF/ C I E NT WITH 
AILERON DEFLECTION FOR RART/ALL Y SEALED BEVELED AILERON 
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FIGURE ZZ~ VARIATION OF ?X WJ/VG - MOM EN T COEFF/C/ENT W/TH 
AILERON DEFLETCTION FOR PARTIAL Lf SEALED BEVELED AILERON 
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FIGURE 23-lSARiAF/ON OR ROLL/ NG-MOMENT COEFF/C/ENT W/TH 

AILERON DEFLECT/ON EOF* RART/ALLr SEALED BEVELED A^/E.£ROA/. 
ROt/GH/VRSS A7~ O./O W/A/G CHORD. 



R/CURE 24- KAR/AT/ON or R/NGE -MOMENT COERR/C/EMT hV/TH 

A/LEROAf DERLECT/ON ROR RART/ALLK SEALED BEVELED A/LEROM 
ROUGH/VESS A T O./O W/NG CHORD. 
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F/GURE es- VAR/A)T/OA/ OF yAH'//VG-MOA>f£A/T CO£~FF/C / £MT~ kV/TH 
A/LETRON DEFLECT/ON FOR PART/ALLf SEALED BEVELEO A/LERON 
ROUGHNESS AT~ OJO H//NG CMORD 
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F/6URE26- EFFECT OF M4CH NUMBER ON ROLL/ N 6 -MOM £ NT AND 
H/NGE-MOMENT COEFF/C/ENTS W/TR A/LFRO* AT /O • OJ 
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F'6URE*7- iSAR/AT/ON OF FNE PARAMETERS (^)^AND (^J s WJTH 

MACH A/UMBER FOR THE PART/ALLT SEALED NORM 'AL- PROFILE A/LERON 




FIGURE 28- YARJAT/OA/ OF THE PARAMETERS f^j^^O WJTH 
MACH NUMBER FOR THE PART/ALty J FA LEO NORMAL- PROFILE A/ LE RON 
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E/GUPE 30- 4UEAON CO/VEtfOL C//APACrSR/ST/C5 . M~ 0. 7 , C± = O./ 
<? = 33T * } 1/= ^96 /»/?/, ; IS, = 374 ALT/ T</0E= ;<7;#x?/t. 



s 

\ 

1 




a UNSEALED NORMAL- PROFILE AILERON 

6 PARTIALLY SEALED NORMAL- PR 0 FILE AILERON 

C UNSEALED BEVELED A)/LE#QA/ 

d PARTIALLF SEALED BEVELED AUEROAf 





NEGLECTING 
POLLING VELOCITY 



♦-4 
O 

6 < 
S3 

ma 

So 
o o 

"6 

M 

-i 



OS 



^WEGLECT/AI* 

rollins moan 



.02. 



.04 



it 



CN5 



OS 



o 

s 

TO 




FIGURE 31 ■ 



A/ZEXOAI CONTROL CHAR A CTER/S T/CS . M- 0.3 . C*-0./ 
?=33 7 +/ft* J 



FIGURE 3*- PJTC*/H&~M0MEAir COEFFlCiENT DUE TO OE FLECTION 
OP THE PARTIALLT SEALED AlOFtMAL'PROFl L E AILERON. q*-O.I 
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FIGURE 33~ PJTCH/NG-MOMENT COEFF/CtENT DUE TO DEFLECT/OAJ F/ 6 (/R£ 3* - P/TCHJA/6 -MOMENT C OE FF/C/ EN T DUE TO DEFlECT/ON 
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F/&URE J7- VAR/AT/ON OF BALANCE PRESSURE COEFFICIENT kYJTH 



DEFLECTION OF PART i ALL Y SEALED BEVELED Al LFRON. 
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FIGURE 41 - PRESSORS DtSTRi $ UT/C/V FV/R THE FMRTtALL/ SCALED 





FIGURE 43- PRESSURE Dl SI R I BuTlON FOR TH£T PART/ALLY SEALED 
/VOR M<AL- P'PkOF/ LE AILERON. 6^=* ~/0° 




FIGURE 44- PRESSURE DISTRIBUTION FOR THE. PART/ALLY Z EA L ED 
BEVELED AILERON. c5- = 0° 
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Fig. 51 
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